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ckground Sources

(for ton-scale detectors)
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= XENONNT: Lowest ER background

PRL 129, 161805 (2022), PRD 108, 012016 (2023)
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Rn dominates low-E
ER background of
current detectors

Active on-line
Rn removal via
cryogenic
distillation

Initially demonstrated

on XENON100
EPJ C 77, 358 (2017)
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XENON WIMP Search

XENON

PRL 131, 041003 (2023)

Expectation Best Fit

ROI Signal-like
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152 events in ROI, 16 in blinded region

Best fit indicates no significant excess
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= IZT) Towards the neutrino floor
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200 txy: probe entire mass range =10 GeV at 90% CL
1000 txy: probe entire mass range =10 GeV at 30 evidence
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Z D The ultimate LXe WIMP Detector

Baseline design

~73t total LXe mass "Re.,,

~60 t LXe TPC Nary
~54 t fiducial mass
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Radon Background

JCAP 10, 016 (2015)
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Strategy

— active Rn removal via cryogenic distillation

— column developed for XENONNT is R&D for XLZD

— avoid Rn emanation by

bbbl
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optimal material production
material selection
surface treatment
optimized detector design

Background goal:
ER background dominated
by solar neutrinos

222Rn emanated from all
detector surfaces.
Need concentration
factor ~50 below XENON1T
factor ~8 below XENONNT

— main background challenge
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Hermetic TPC: The Concept

* Rn emanated from surfaces —_— Cable & pipes

. About 10x more surfaces -
outside of active TPC target Sealing

* In addition: all ,dirty*
components in outer volume

(cables, HV dividers) .
r:
* Reduce Rn by mechanically | <
separating inner and outer
volumes

* BUT: depart as little as

s possible from well- .

=L YT established, successful -
|l TPC designs

= [
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e ,Typical* TPC
— 3 mesh electrodes
— PTFE reflector tube 6
— PMTs in contact with target

e Sealing done via cryofitting
(=exploit difference in
linear expansion coefficients)

 LXe level controlled with weir

75 mm
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Our Design

* Typical* TPC
— 3 mesh electrodes
— PTFE reflector tube
— PMTs in contact with target

* Sealing done via cryofitting
(=exploit difference in
linear expansion coefficients)

* Electric field homogeneity
confirmed with COMSOL

e L[Xe level control with weir

* Valve connecting both volumes
for filling and recuperation
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Our Design

* ,Typical” TPC ez Wi g Sl
— 3 mesh electrodes i, | o
— PTFE reflector tube
— PMTs in contact with target

° Seallng done Vla Cryoflttlng Double-walled cryostat Xenon storage + purification systems
(=exploit difference in Cle SIEEEE
linear expansion coefficients) ﬁ?’Rb
* Electric field homogeneity y 3 =
confirmed with COMSOL ﬁ * ﬁ
* LXe level control with weir t X
ea connection valve
* Valve connecting both volumes prenane . !
for filling and recuperation % %
— \ 4
* 2 independent gas systems ]
* Only one coldfinger, < | ox
. LXe
connected to inner volume

TPC

* TPC operated on Freiburg's

XeBRA Test Platform in ﬂ——l

PMT
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JINST 18, T02004 (2023), arXiv:2208.14815
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XeBRA Detector Test Platform
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JINST 18, T02004 (2023), arXiv:2208.14815
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CatchTank
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Detector Operation
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(d) LXe temperatures along TPC.

Rely on own Slow Control System Doberman for small/medium applications
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TPC Performance

S2 peaks cannot
be resolved
— use sum peak
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Area / ns [PE]

H
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TPC performance studied with 83mKr
max e-lifetime ~300 pys (dt__ =43 us)
correct for z-dependence of signals

decent light and charge-yields:
9,=0.089(4) PEly

9,=7.1(7) PEle-

stable operation only without purifying
outer volume (- level fluctuations)
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Fluctuations with two gas systems

1h example
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(a)gas system online. (b)

Fluctuations of TPC parameters were probably
caused by heat influx into outer volume which

could not be compensated due to lack of cold head.
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Hermeticity

5

* Prototype test: leak rate of seals
O(107%) mbar | s (,watertight*)

* Measure Xe leak rate with
83mKr injected into inner volume

Number of detected krypton decays

via detailed model 10¢
° ~ b .y
Leakag.e flow f (.)'1 kg/h Non-hermeticity acts as % MHHL
—~ semi-hermetic TPC extra ,decay channel” s
10%5 1 2 3 A 5

Time after krypton injection [h]

- AN, - AN,
f: leakage flow
N4/N,: 8mKr atoms inner/outer
volume
M4/M,: inner/outer volume mass
A: #"Kr decay constant

u nlverSitat_freibu rg M. Schumann — Hermetic TPC 18



Hermeticity

5

* Prototype test: leak rate of seals
O(107%) mbar | s (,watertight*)

 Measure Xe leak rate with
83mKr injected into inner volume

Number of detected krypton decays

via detailed model 10° "
. _ % ':'.§+55__: 5 :-1. |
Leakag_e flow 1 Q'l kg/h Non-hermeticity acts as * “HH {
- semi-hermetic TPC extra ,decay channel* o
¢ Orlgln Of Ieakage unknown 1030 ' Time aftir krypton inje3ction [h] ‘ ’
Scale up result to 40t-TPC
assuming 3 hypotheses: e, [
— leak around PMTs —
— r2 ~1000 . f: leakage flow
- Ieak arOU nd e|6CtrOdES o E< N4/N5: #mKr atoms inner/outer
- r - 50 M, /M,: \;(r::ler?fiuler volume mass
— leak around tubes/valve
—_ ~ l \ A: #"Kr decay constant

u nlverSitat_freibu rg M. Schumann — Hermetic TPC 19



Scaling to G3 Detector: **?°Rn

* Expand model to include

— Rn emanation
: f: leakage flow
(k,..inner, k,..outer volume) iy e ow
N4/N-: 222Rn at i fout
— Rn removal system TE L oume
(flow f of Xe through removal system) MMy Innerfouter volume mass
kq/Ks: 222Rn emanation inner/outer
volume
A: 222Rn decay constant
c E ted Rn-activity *°f :
Xxpected Rn-activity ~°F = =
In 40t active target: .t l 3
7 | -
S5 L
@ 04|
i k; = 4.0 mBq Benchmark
S [— ki =3.0mBq d numbers:
[l - ki = 2.0 mBg k,=3 mBq
S [ ki = 1.0 mBq k,=30 mBq
©0.2( f =1000 SLM
U -
~  [Goal: 0.1 uBq/kg
0.1
0'?0—2 1071 102 103

L_eakage flow [kg/h]
< more hermetic more leaky —
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Scaling to G3 Detector: **?Rn

e Study impact of individual
Rn parameters

 Even moderate levels of
hermeticity have a
significant impact

e Great potential in combination
with other Rn-abatement

0.6
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TPC radon activity [uBqg/kqg]

Goal: 0.1 uBqg/kg

f=1-

Change Rn
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— ki=3.0mBq jn jnner volume
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ki = 1.0 mBqg

1000 - f,

f

0. F ”":::'”T\ L1l
techniques = e s
Leakage flow [kg/h]
0.61 N 0.6 - -
L o 8 i - o
B I ) 3 I =1
0.5 A = . w— —
§ - A §-, > B n
S ol Change Rn 2 oal Change Rn
S k, = 40.0mBg €emanation S . —200stm  removal
s 5[ — k=300msa in outer volume S s fr=s500sm  flow
R k, = 20.0 mBq Q "7F— f,=1000SLM
S [ ky = 10.0 mBq s [ frr = 2000 SLM
©0.2] ®0.2]
@] r 8 -
~ [ Goal: 0.1 uBg/kg ~ [ Goal: 0.1 uBg/kg
0.1F 0.1F
0-]-00_2 1 | L1 \ib_l 1 | L1 II]-I(:)0 1 1 L1l \\]-IOI 1 1 | .| \\]_\02 | | | II]-\()3 0.]90_2 10_1 100 101 102 103

Leakage flow [kg/h]
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Leakage flow [kg/h]
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LXe Physics with Hermetic TPC |
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Field dependence of electron drift velocity

© XeBRA Baseline 4 Jorg 2021

 XeBRA Hermetic = Miller 1968

v XENONI100/1T Gushchin 1981
LUX *  Baudis 2018
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LXe Physics with Hermetic TPC Il

Field-dependence of light and charge yields
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Conclusions

* We built and operated a small hermetic TPC
following the well-established ,standard” TPC design

* Achieved moderate hermeticity using cryofitting
- method not yet fully optimized
— more to be studied, also together with Nagoya

* Two independent cooling systems are required
to also purify outer volume

 Hermetic TPC operates well
— measurements of LXe physics

* Already moderate levels of hermeticity can
significantly reduce the Rn level

f = 1000 - f,

0.5{

o
B~
T T 11

* The hermetic TPC concept is a promising
and straightforward approach to
reduce Rn in combination with other methods
— we should not miss this opportunity

e
[N}

TPC radon activity [uBag/kg]
o
w

[ Goal: 0.1 uBg/kg

©
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0-Do-2 107!
Leakage flow [kg/h]
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